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ADVANCE RESTRICTED REPORT

FUZL CONSTMPTION CORRECTED FOR COOLING DRAG OF AN AIR-COOLID
PADIAT. ATRCRAFT ENGINE AT LOW FUEL-AIR RATIOS AND WITE
VARTABLE SPARE ADVANCE

By J. Elmo Farmer and Maurlce Munger

INTRODUCTION

Reliabillty and power capacity are tke only fachtors in the
operation of alrcraft engines tiat are of greater Importance tkan
fuel ezonomy. A reduction in engine spacific fuel consumpitlion will
result in elther Ilnoroased range or increesed useful load, If min-
Imm fuel consunption at any pcwer output is to be achleved, the
mcat faverable conditlors of engine operation must be selected,

Svan and Morlay {refersacs 1) in 1951 condncted tests with a
multicylinder ergine, tke results of which skowed that at low
pevwers the specific fuel conswaption could be reduced by decreesing
the mixture strength anl edvencirg tae ignitlon timing, Investisa-
tion of the fuel corsumptlioa of a2 Wright R-1620-G cylinder end of
a Prett & Valtoey R-1340-% crlinier (ieference 2) Indiocated tuat
tho opiimm spark advance for lean mixtures varied from 50° to
co° B.7.C,, deperding uwpon tle eniine speed and manifold pressure.
In single-cylinder tests of a Wright R-1820-G cylinder (reference 3)
operation with lean mixtures and advanced spark timing resulted Iin
o decoroase in the specific furel consumption at eralsing conditions.,
Plerce (reference 4) found tha® the specific fuel conswiption of a
Vright G200 serlies englne can be decreased almost 10 percent »HY the
proper cholce of ccompression ratio and spark advance, provided that
suitable fusl 1is used.

Results are presented herein of testa conducted during Septom-
ber 1944 at the IYACA laboratory at Cleveland with an eir-cooled,
radial alrcraft engine to determine the reduction in the brake epo-
¢cific fuel consumptlon that would result from operating with a very
low fusl-alr ratlo end an Increased spark advance. Coamputed velues
of the brake speciflic fuel consumption corrected for cooling-air
drag are also glven.
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APPARATTUS AND TEST PROCEDURE

Tests were conducted with a Wright R-1820-97 englne mounted
on a teat stand, The englne power was absorbed by a hydromatlc
flight propeller, and the engine speed wvas controlled by a nydro-
matic constant-speed governocr. The brake mean effective pressure
was determined by means of a hydraulic torguemeter. The fuel used
was AN-F-28, Amendment-2, and the fuel flow was measured with a
callbrated rotameter,

The combustion ailr was measured by observing the pressure
differentlal across the alr dlepkrasm in the regulator unit of the
carburetor. Thke carturetor and 1ts Inlet elbow were calibrated
prior to these testa in a caruvurstor alir box, The standard exhaust-
collector ring was replaced by stub stacks to allow observation of
the extaust flamwes from each cylinder., A test ring cowl vas used
on the englne, and additional cuoling alr was obtained by meens of
an axial-flow fan that drew alr acroes the engine. Cooling-air
quantities were determined by using the baffle pressure drops and
a calibration curve furnished by the englne manufacturer.

The englne condltlions for the tests were as follows:

e+« . . 1900
. e+ .. 600
20, 30, 35, 40
400

Fngine speed, ITM . ¢ & ¢ « o « o ¢ a o o s o o
Brake horsepower . s s s e e s e s o 6 s e @
Spark advance, degrees B,T.C. c s s e s 8 o s
Maximum rear-spark-plug—bashing temperature, °OF

An engine spaed of 1900 rpm was used because at lower speeds the
aveilable boost was insufficlent to maintain the required power et
low fuel-alr ratles,

A serles of test runs was made at each of the foregoling spark
advances, in each of which the fuel~-alr ratlo was varled from about
0.088 to 0.C55. The rear—spu1k~plu3-bushing temperature of the
hottest cylinder was held constant at 400 F for all of thoe runs
except the one at a spark advaace of 40° B,T.C. by varying the
quantity of cooling air., At this spark advance the capacity of the
coolinz-alr fan was sufflclent only at the low and the high fuel-
alr ratilos,
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RESULTS AND DISCUBSION
-~ -. . DBrake Specific Fuel Consumptlon’without
Consideration of Cooling-Air Drag

The variation of brake epeciflc fuel consumption with fuel-alr
ratio at spark edvances of 20°, Z0°, 35°, and 40° B.T.C, is shown in
£ 1. At the sperk advance that 1is standard for the engine,
20° B,T,C., a minimum brake specific fuel consumption alightly greater
than 0.44 pound per brake horsepower-hour was obtaired at a fuel-alr
ratio of 0,063, With a gpark advance of 40° B.T.C. and at & fusl-air
ratio of 0.056, the brake specific fuel consumpiion was samewhat
greater than 0.41, which 1s about 7 percent less than the minimum
obtaired with a aparik advance of 20° B.T.C. Attempts to operate the
engine at a fuel-eir ratio lower than about 0.055 were unsuvccessful.,
Reducing the fuel-air ratio below this value caused the engine to
miafire and operation become .unstable. Although the values of brake
srecific fuel comsumption glven herein may not be the same as *those
obtainod in flight, the relative decrease resuliing from a reduction
In fuel-alr retlio and an advence in spark timing should be approxi-~
mately the same for an enzine in flight,

Broke Spocific Fuel Cornsumptioni Corrected for Coolling-Alr Drag

The quantlity of cooling alr requlired to maintain e maximm rear-
‘spark-pluz-bushing temperature of 400° F increasa>d with an advance
in sperk timirng. Figure 2 chows the variatiocn of average required
baffle pressure drop, corrected for inlet-alr temperature, with fuel-
alr ratio for the four spark advences.

The data talen with a spark advance of 40° B,T.C. and fuel-air
" ratios of 0.068 and 0,075 were also corrscted to show the baffle
prespurs drop that would lhave besn required to maintain the rear-
spark-pluvg-bushing temporature at 400° ¥, The method uged In apply=-
ing this correctloa was adapted from reference S, The constants
used 1n\making the correction were obtalned from reference 6,

The mdditional horsepower required because of the cooling-alr
to maintaln a maximum rear-spark-~-plug-bushing temperature of
400" F was calculated using the equation

QOAD *
bpp =556

hpp cooling-air drag horaepower
Q volume rate of air flow, cuble feet per second
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Ap nmneisured baffle pressure drop, pounds per square foot

o ratio of inlet cooling-air density to density of air at
29,92 inches of mercury absolute and 59° F

Figure 3 shows that the cooling-alr drag horsepower required to
maintain & naximum rear-sperk-plug~-bushing tempera‘bure of 400° ¥
increesed when the spark timing was earlior than 20° B,T.C., The
velues of oAp used In caloculating the cooling-alr drag horsepower
were taken from the faired curves in flgure 2

The brake specific fuel consumptlion corrected for cooling-air
drag was calculated from the followlng equatlion, obtalnsd from ref-
erence 7, by using tke cooling-power requj:cemer.ts glven 1n figure 3:

bEchoN =

-

wkere

W welght rate of fuel flow, pounds per hour

bhp brake horsepower

1 propeller efficiency (aosumed to be 0,3 for tiese calculations)

The variation of braze speclific fuel consumptlon, corrected for
cooling-air drag, with fusl-alr ratio at the four spark advances is
shown in figure 4. With a spark advance of 20° B.T.C., the minimum
corrected brake specific fuel consumption was about 0.45 pound per
trako horsepower-hour at a frel-alr ratio of 0.062. The minimum
correctod Lrake epecific fuel consumption with a spark advance of
40° B,7.C. and at a fuel~air ratio of 0.055 was scmewhat over
0.42 pound per brzke horgspower-Lour. The reduction in the corrected
brake specific fuel consumption represents a fuel saving from 5 to
6 percent. An additlonal fuel seving might be posslble 1f stable
engine operation could be malntaired at fusel-air ratlos lower than
ttose found possible under the test conditlons and at a spark advence
of 40° B.T.C. or earlier. This possibility i1s indiceted by the curves
in figure 4.

ST-MARY OF RESULTS

Tests with a Wright R-1820-97 cngine at 600 brake horsepover,
at an engine spoed of 1900 rpm, and wlth varlable spark advance and
fuel-alr ratio gave the following results:
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1, Advanoing the spark fram 20° B,T.C. to 40° B,T.C. and
reducing the fuel-air ratio from 0,063 to 0,056 resulted in a
reduction in brake specific fuel consumption of about 7 percent.

2. Advances 1n spark timing greater than 20° B.T.C. resulted
In a considerable increase 1n cooling-alr requirements.

3. When the cooling-air drag was considered in camputling the
net power output, the reduction in brake specific fuel comsumption
was between S and 6 percent,

Alrcraft Engine Research Laboratory,
Wational Advisory Committee for Aeromautics,
Cleveland, Chlo.
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Figure 1. - Variation of brske specific fuel consumption with fuel-alr ratio at four spark advances,
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Flgure 2. - Varlatlon of cooling-alr baffle pressure drop required to maintain a maximum rear-spark-

plug-dbushing temperature T
horsepower, 600; engine spebd,

of L00O® F at four spark advances.
1900 rpm.
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Cooling-air drag horsepower
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Pigure 3.~ Varlation of required coollng-air drag horsepower with fuel-air ratio at four

spark advances. Wrlight R-1820-97 engine; brake
maximum rear-spark-plug-bushing temperature, 400

gogsepower, 600; engine speed, 19005rpm;
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Brake specific fuel consumption corrected
for cooling-air drag, 1b/bhp-hr
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